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Abstract: Photophysics of a zinc porphyrin-based NIR nonlinear absorber are reported.  Well-
overlapped two-photon absorption and broad triplet excited state absorption result in a strong NIR 
nonlinear optical response that is especially useful in waveguide applications. 
OCIS codes: (190.0190) Nonlinear Optics; (190.4710) Optical Nonlinearities in Organic Materials ; 
(190.7110) Ultrafast Nonlinear Optics ; (160.4330) Nonlinear Optical Materials. 
1. Introduction 
Enhancement of nonlinear absorption in materials is of great interest due to the important roles that nonlinear 
absorbers play in applications such as optical switching and noise suppression.[1]  The nonlinear absorption of 
porphyrins is characterized by long-lived, broad, and intense absorbing excited states that lead to strong reverse 
saturable absorption. [2, 3]  The strongly absorbing excited states can be populated via one-photon excitation or 
through two-photon absorption (TPA).  To achieve enhanced nonlinear absorption efficiency, recent systematic 
molecular engineering efforts have successfully manipulated the excited state and two-photon state properties of 
NIR active materials. One of these is bis(osmium terpyridyl)-(porphinato) zinc (OsPZnOs). [1, 2] (Fig. 1a)  
 
Fig. 1.  Left: Linear absorption spectrum of OsPZnOs.   Inset shows the molecular structure of OsPZnOs.  The wavelength 772 nm is selected for 
transient absorption measurement.  Right: ESA (blue) and TPA (red) absorption spectra of OsPZnOs.  The ESA spectrum was obtained at time 
delay of 3 ps after excitation. 
The key design of OsPZnOs is the coupling of multiple nonlinear optical moieties through rigid, covalent 
linkers.  The osmium terpyridyl (Os-terpy) groups possess multidirectional metal-to-ligand charge transfer (MLCT) 
and the rigid ethynyl linkers enforce the alignment of transition dipoles of Os-terpy and zinc porphyrin (PZn) groups 
in a head-to-tail arrangement.  The bulky bis(alkoxy)phenyl groups are oriented perpendicular to the PZn molecular 
plane yielding steric hindrance to aggregate formation, promoting high solubility. 
In this report, the ultrafast transient photophysics and nonlinear optical properties of OsPZnOs are presented.  
The results show strong induced absorption throughout the NIR which arises from an ultrafast build up of a long 
lived triplet excited state.  The results also show that the strong TPA and the excited state absorption (ESA) 
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spectrally overlap well.   With these advantageous ESA and TPA properties, the threshold for nonlinear absorption 
in waveguide devices is reduced by orders of magnitude compared to free-space propagation. 
2. Results 
As shown in Fig 1a, he linear absorption of OsPZnOs consists of a series of absorptions below 800 nm.  Upon 
excitation, the electronic structure becomes extensively delocalized between the molecular moieties resulting in a 
strongly shifted, broad ESA in the NIR (Fig. 1b).  Femtosecond transient absorption measurements at 772nm 
excitation were performed in a 19.5mM DMSO solution with path length of 33 µm.  Since there is very little ground 
state absorption in this spectral region the transient spectrum shown in the figure is that of the excited state.  The 
TPA properties of OsPZnOs were investigated by femtosecond open aperture z-scan technique on the same sample 
with excitation wavelengths from 800 to 1400 nm.  (Fig.1b)  The large TPA at 1100 nm may be due to the resonance 
with the MLCT transition of the Os-terpy group.  As indicated in Fig. 1b, the peak of TPA is well-overlapped with 
the peak of ESA around 1000-1100 nm.  The decay kinetics suggest ultrafast intersystem crossing with a build-up (τ 
~ 680 fs) of the triplet state whose lifetime is long on the experimental timescale and has been reported to be > 900 
ns.  (Fig. 2a) A negligible intensity dependence of the decay kinetics is observed with excitation energies from 1-30 
µJ suggesting that aggregation formation and excited-state quenching is inhibited due to the steric hindrance.    
The nanosecond-pulsed nonlinear absorption of OsPZnOs was studied in multimode waveguides and compared 
to that with free space propagation.  Here the nonlinear threshold is defined as the fluence at which the absorbance 
increases by 0.2 OD units. Fig 2b shows a log plot of the reciprocal of this threshold compared to a linear plot of the 
effective two photon coefficient. At 1100nm, the maximum of the TPA coefficient, the nonlinear absorption 
threshold is enhanced in the waveguides (inner diameter =10µm and path length = 18mm, conc = 0.21 mM) by two 
orders of magnitude relative to the free space sample.  The concentration of the OsPZnOs is also two orders of 
magnitude lower in the waveguide that it is for the free space sample.  The higher local peak intensity in multimode 
waveguides emphasizes the TPA response of OsPZnOs and allows ultrafast excitation of triplet species within the 
extended interaction length of the waveguide. [4] The combined photophysical and nonlinear optical properties of 
OsPZnOs gives rise to an extraordinary nonlinear optical response in the waveguides.  
 
Fig. 2.  (a) Decay kinetics of OsPZnOs probed at 1050 nm with 4.5 µJ, 772 nm pump pulses (τp ~ 85 fs).  (b) Wavelength-dependent nonlinear 
absorption thresholds in waveguide and free space geometry versus the dispersion of effective TPA coefficient of OsPZnOs. 
3. Summary 
The strong excited state coupling of osmium terpyridyl and zinc porphyrin moieties gives OsPZnOs ultrafast 
build-up of long-lived, strong NIR absorbing triplet excited state.  The TPA and ESA properties of the molecule are 
well-overlapped spectrally.  The well-matched ESA and TPA properties give OsPZnOs a significantly enhanced 
nonlinear absorption in multimode waveguides. 
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